SUMMARY
calmodulin isoform, could modify the sub-cellular localisation of the protein and direct it to the nucleus or the plasma membrane (8) .
In addition, certain transcription factors of the basic helix-loophelix family were shown to bind calmodulin, thus inhibiting their DNA-binding properties by masking the DNA-binding domain (9) (10) (11) .
Therefore, interaction of calmodulin with transcription factors is a mechanism by which transcriptional activity may be regulated in response to Ca ++ signals originating from a variety of stimuli.
We used protein -protein interaction for library screenings to identify plant calcium/calmodulin-binding proteins. vector (Novagen, Inc.). These constructs were introduced in E. coli strain BL21(DE3)pLysS to produce the recombinant proteins as described (14) .
Inclusion bodies from the insoluble fraction of the bacterial cells, containing most of the recombinant proteins, were purified, solubilized in sample buffer (21) and proteins were separated by SDS-PAGE. An acrylamide band containing the recombinant protein (either the ANK repeat region or the N-terminal part of AtCAMTA1 fused to GST) was excised from the gel, crushed, and mixed (1:1) with complete Freund's adjuvant (Sigma). Three ml of the mixture containing 100 µg of recombinant protein were injected into two rabbits. Each rabbit was given four booster injections about two weeks apart. The rabbits were bled about 10 days after each injection. The serum containing anti-CG-1 antibodies was depleted from the antibodies against GST by passing it on a GST column (Pierce). were frozen and ground in liquid nitrogen to a fine powder with a mortar and pestle. All subsequent steps were carried out at 4˚C. Part of this powder was homogenized with plant extraction buffer (100 mM Tris-HCl pH 7.5, 10 mM EDTA, 10 mM β-mercaptoethanol, 10% glycerol, 1 mM PMSF, 2 µg/ml leupeptin, 2 µg/ml pepstatin and 2 µg/ml aprotinin). This extract was ]-calmodulin was prepared and used as described (25) .
Following autoradiography of blots, immunodetection of proteins by anti-GST antibodies on the same blots was performed as described (25) .
Analysis of Calmodulin/Peptide interaction
For nondenaturing PAGE, samples containing 120 pmoles of bovine brain calmodulin (Sigma) and different quantities of HPLC-purified synthetic peptides in 100 mM Tris-HCl (pH 7.2), and 0.1 mM CaCl 2 , making a total volume of 30 µl, were incubated for 1 h at room temperature. Samples were analyzed by nondenaturing gel electrophoresis as previously described (25) . Emission fluorescence at 480 nm was then measured using a SLM AMINCO 8000 fluorimeter (SLM Instruments); excitation wavelength was at 340 nm. Each measurement was the average of 3 readings. The apparent dissociation constant (K d ) was determined as described (26) . We also identified a highly conserved uncharacterised domain of about 130 amino-acid residues designated CG-1, containing the predicted bipartite NLS (Fig. 1B) Fig. 2A) . Western blot analysis of the collected fractions using a polyclonal antibody raised against the ANK repeats region, showed that most of the recombinant protein fraction was retained on the column with KCl up to 100 mM, and completely eluted at 300 mM KCl ( Fig. 2A) . In a similar approach, we verified that BnCAMTA1 binds heparin, a glycosaminoglycan known to interact with DNA-binding proteins (39) . In this case, the protein was retained with KCl up to 300 mM and was completely eluted at a concentration of 500 mM KCl ( including the CG-1 domain (Fig. 4A, construct 2) , the TIG domain (Fig. 4A, construct 12) , the ANK repeats (Fig. 4A, construct 13 ) and the calmodulin-binding domain with the C-terminal part of the protein (Fig. 4A, construct 9 ). All of these constructs resulted in CAMTA proteins bind calmodulin IQ motifs were detected in all CAMTAs except in that from C.
RESULTS

Molecular
elegans (Fig. 1A) . These motifs often appear adjacent to other (26) . Without the peptide, the photoexcited emission spectrum of dansyl-calmodulin (300 nM) peaked at 500 nm (Fig. 6A) . At a peptide concentration of 450 nM, which should have converted all the calmodulin to the bound form, the fluorescence intensity of dansyl-calmodulin increased by 1.77 times, and the emission peak shifted to 482 nm (Fig. 6A ). These observations suggest that the dansyl moiety occupied a more hydrophobic environment upon binding of the peptide to dansylcalmodulin (48) . With the dansyl-calmodulin concentration at 300 nM, the fraction of bound calmodulin increased linearly with total peptide concentration until the signal saturated at approximately 300 nM peptide (Fig. 6B) . These data are consistent with the nondenaturing gel results (Fig. 5C ), which suggest a one-to-one binding ratio between calmodulin and the AtCAMTA1 peptide. We calculated a K d of 1.23 ± 1.04 nM by fitting these data using a method described in (Fig. 7B) . Importantly, activation of the reporter gene occurred only when the LexA-AtCAMTA1 chimeric protein carried the calmodulin-binding domain (Fig. 7B) . When the fulllength AtCAMTA1 protein was expressed, the β-Gal production observed was as high as for the activation experiments described previously (Fig. 4A-B) . Because the expression of the CaM81-B42 chimeric protein was under the control of the GAL1 galactose-inducible promoter, we verified in control experiments that the results observed for the transcription domain mapping (cf. 
DISCUSSION
In the present study we describe a group of genes encoding We further demonstrated that a member of the CAMTA family, BnCAMTA, could bind to dsDNA ( Fig. 2A) and heparin ( AtCAMTAs are nuclear proteins as confirmed by cellular fractionation and immunodetection (Fig. 3) . Proteins targeted to the nucleus usually contain a nuclear localisation signal (NLS) composed of basic amino acids arginine (R) and lysine (K), organised in groups (54) . A putative NLS was detected in the CG-1 domain of all CAMTAs identified so far (Fig. 1A,B) . Therefore, this region might constitute a signal that directs CAMTAs to the nucleoplasm.
We defined a region of 166 amino acids in AtCAMTA1 that is sufficient to activate transcription of two reporter genes (LacZ and LEU2) in yeast cells (Fig. 4A) . We further demonstrated that fulllength human CAMTAs could activate transcription in the same manner (Fig. 4B,C) . Therefore, CAMTAs constitute a new family of Anti-GAD2
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